The Freedericksz transition and the dynamic response of homeotropical liquid-crystal films with a free surface (FS) induced by a perpendicular dc magnetic field have been studied theoretically and experimentally for two nematic substances: 4'-n-pentyl-4-cyanobiphenyl (5CB) and 4'-n-octy1-4-cyanobiphenyl (8CB). For either one of these two materials, it is found that the critical magnetic field of these two nematic liquid-crystal (NLC) films with a free surface is equal to that of the NLC film with hard boundaries (HB) of the same thickness. This thus demonstrates a very strong orientational anchoring for 5CB and 8CB at the free surface. The intrinsic structures of FS samples are homeotropic, just as the HB ones are. For the dynamic response, the turn-off rates of FS samples are found to be about two times faster than those of the HB ones. This is interpreted with the backAow theory and the lack of positional anchoring on the free surface. Finally, a sensitive approach to determine the viscosity coefficients, pi and g"ofthe NLC film is suggested.
I. INTRODUCTION
Surface effects of liquid crystals are important for both device applications and basic understanding of physical phenomena.
The study of free-surface effects is even more interesting for understanding the anisotropy of molecular interactions. Previous studies have shown the existence of preferred molecular orientation at the free surface of nematic liquid crystals (NLC). ' The strength of the free-surface-orientational anchoring and the effect of the lack of positional anchoring, however, remains to be clarified. Pan, Hsiung, and Shen have reported the Freedericksz transition and relaxation response of 4'-n-pentyl-4-cyanobiphenyl (5CB) nematic liquid-crystal films with a free surface induced by a laser field. Since the molecular reorientation in the NLC film is restricted only in a small region about the size of the pump laser beam spot, the so-called "beam size effect" must be considered. The focused laser beam also induces other problems such as local thermal heating in the sample.
In this work, a dc magnetic field is used to induce molecular reorientation to avoid these problems. We study the critical transition magnetic field H"and the dynamic response time constants of NLC of 5CB and 8CB (4'-n-octyl-4-cyanobiphenyl) films with a free surface under the magnetic field. For comparison, these properties of similar films but with hard boundaries (i.e. , NLC films sandwiched between glass substrates) are also studied.
In Sec. II, starting from the free energy of NLC films, we derive the critical field H, for the Freedericksz transition. We then use the theory of Ericksen and Fig. 4(a) Fig. 4(b) .
The variation of the zero-field turn-off rate 1/r, s (0) with 1/d for 5CB HB and FS samples is shown in Fig. 5 
